Abstract
Introduction
Telomeres are the DNA-protein complexes of linear chromosomes that protect the ends from genomic instability caused by the loss of small portions of the chromosomes during DNA replication [1] . In humans, telomeres are comprised of a repetitive TTAGGG sequence [1, 2] . This sequence length varies greatly across species, from approximately 300 base pairs to greater than 20 kb in length, and contains a 3Ј G-rich single strand overhang [2] [3] [4] . Regulation of telomere length through replication is essential to overcoming the limitations of normal cellular division [5] .
Part of the role of the telomere in generating chromosome stability is in protection of chromosomes from recognition by DNA repair machinery [6, 7] . In addition to the potential loss of genetic material associated with replicating linear chromosomes, the ends of these chromosomes resemble DNA breaks [6] . Repair machinery has the potential to see these ends and attempt to repair them [8] . This [9, 10] . The ability of the telomere to form higher order DNA structures is due to its GC rich component and may present a significant obstacle for DNA replication machinery. Although the inherent nature of the sequence allows for higher order structures, formation of these structures including the t-loop requires additional proteins known as telomereassociated proteins [11] .
can result in both end-to-end fusions and additional loss of genetic material during additional cycles of replication. The 3Ј overhang is essential to the protection of the telomere from these end-to-end fusions as well as unregulated nuclease digestion. It accomplishes this by folding upon itself forming a higher order structure known as the t-loop
Telomere [7, [12] [13] [14] . This simple complex has a role in many activities including regulating telomere length and forming the t-loop.
Replication of the telomere requires a specialized enzyme capable of reverse transcriptase activity called telomerase [15] . In normal, healthy cells telomerase activity is mostly limited to embryonic cells, adult male germline cells and stem cells, but is virtually absent in somatic cells [16] . In stem cells, telomerase activity serves the function of elongating telomeres thus protecting these cells from typical cellular aging and senescence [17] . The human telomerase is comprised of two major subunits, the RNA template and the catalytic enzyme [15, 18, 19] . The telomerase RNA template (hTR or hTERC) contains a complementary sequence to the human telomere that serves as the base for replication of the telomere repeat sequence [20, 21] . The extension of telomeres is completed through the catalytic enzyme, telomerase reverse transcriptase (hTERT) [19, 22] 
Telomerase inhibitors
Though several synthetic compounds with telomerase inhibition properties have been developed in recent years, the majority of these compounds are highly toxic [38] . In addition, it can be difficult to determine whether these inhibitors have a direct or indirect effect on telomerase (see Fig. 1 [57] , EGCG [26] and sulforaphane [58] were all tested on breast cancer cells and the non-malignant breast cell line MCF10A; curcumin [48] and sulforaphane [58] 
had no effect on normal cells whereas genistein was shown to inhibit telomerase in these MCF10A cells as well as the cancer cells [57]. It is important to note, not all studies on these chemicals are in agreement. Several compounds have been shown to act as both inhibitors and activators of telomerase though this may be due to treatment concentration or cell type differences. For example, resveratrol has been shown to inhibit telomerase activity in can-
cer cells [59] and activate telomerase in epithelial [60] and endothelial progenitor cells [61] [62] [60] and endothelial progenitor cells [61] . It has been suggested that this may be due Fig. 1 [60] , Endothelial progenitor cells [61] • Post-translational [60] Genistein ( 
Telomerase activators

As telomere length is associated with cellular aging, there have been interesting inquiries into the development of telomerase activators to reverse normal cellular aging and treat symptoms of aging. Geron Corp. and TA Therapeutics developed a single molecule telomerase activator, TAT2 (cycloastragenol). This small molecule has been shown to transiently activate telomerase in T lymphocytes that were no longer proliferating
